Introduction
to wine aroma. Some authors have reported the production of high levels of acetic acid 66 [20, 21] , glycerol [20, 22] and succinic acid [23] whereas others have found low acetic 67 acid production [24] and low glycerol production [16] . Csoma and Sipiczki [25] 68 asserted that these contradictory results were because C. stellata is easily confused with 69 other yeast species that colonize the same substrates. This hypothesis is supported by 70 the recent finding that the strain DBVPG 3827, frequently used to investigate the 71 oenological properties of C. stellata, belongs to Starmerella bombicola [5] and by the 72 description of a new species, Candida zemplinina that was previously considered C. 73 stellata [5, 26, 27] . Such findings raise doubts about the precise taxonomic position of 74 the oenological C. stellata strains described in the literature [25] . Hanseniaspora were also higher in a pure culture of H. uvarum than in a pure culture of S. cerevisiae.
91
Consequently, the impact of non-Saccharomyces yeasts on wine fermentation 92 cannot be ignored. They introduce an element of ecological diversity to the process that 93 goes beyond Saccharomyces species and they require specific research and 94 understanding to prevent any unwanted consequences from their use and to exploit their 95 beneficial contributions [4] . In this study we report the impact of pure and mixed sugars was below 2 g l -1 .
121
The musts were inoculated with 10 6 cells ml -1 in all cases. The inocula were S. 
Results

182
Kinetics and main fermentation products showed a clear decline during the last stages in accordance with its stuck fermentation.
205
The non-Saccharomyces counts were similar to the total yeast populations (the between C. zemplinina and S. cerevisiae was due to a significant increase in each 242 detected compound, whereas the differences between mixed fermentations were mostly 243 due to the increases in 2 phenylethanol and 2 methyl-1-propanol.
244
The production of ethyl esters is also significantly higher in the presence of non-
245
Saccharomyces yeasts and especially in the pure cultures of C. zemplinina. In this case,
246
the difference was mostly due to the increase in ethyl octanoate, whereas in the mixed 247 fermentations it was related to the increases in ethyl lactate.
248
Although all the fermentations produced more acetate esters than the pure S.
249
cerevisiae culture, the only significant difference was in the mixed H. uvarum and S.
250
cerevisiae culture.
251
The production of short chain fatty acids (SCFA) was also higher in all the 252 fermentations than in the S. cerevisiae fermentation. amino acids) has a great impact in the synthesis of aroma compounds [44, 45] .
334
Most of the studies with co-inoculation or sequential inoculation of non- 
Conclusions
366
The potential of using mixed cultures in industrial wine production is currently under 367 scrutiny. However, detrimental results such as the production of acetic acid above 368 acceptable levels counteract the benefits of high ester production, as observed in the 369 present study. These benefits could justify the selection of appropriate non-
370
Saccharomyces yeasts whose production of detrimental products is low and that they 371 interact correctly with S. cerevisiae. Furthermore, a better understanding of the nutrient 372 consumption in these mixed fermentations is required for industrial environments as our 373 results suggest that these cultures use amino acids differently. 
uvarum -S. cerevisiae (-----), C. zemplinina-H. uvarum-S. cerevisiae (--•--).
518
Each point is expressed as the mean ± standard deviation. 
